Abstract: Wu Shan Shen Cha is the leaf of Malus asiatica Nakai., a special type of tea that is consumed in the same way as green tea. To study the effect of Wu Shan Shen Cha-derived flavonoids (WSSCF) on lesions in the stomach, a 15% hydrochloric acid-95% ethanol (volume ratio 4:6) solution was used to induce gastric injury in mice. The degree of gastric injury was assessed using tissue specimens, and the effects of WSSCF on the serum levels of antioxidant enzymes were investigated. The results showed that WSSCF could alleviate the damage of the gastric mucosa and gastric wall caused by the hydrochloric acid-ethanol solution, decrease the tissue and serum levels of malondialdehyde (MDA) in mice with gastric injury, and increase the serum levels of superoxide dismutase (SOD) and glutathione (GSH). The results of quantitative polymerase chain reaction (qPCR) showed that WSSCF could increase the mRNA expression of Mn-SOD, Cu/Zn-SOD, catalase (CAT), endothelial nitric oxide synthase (eNOS), and neuronal nitric oxide synthase (nNOS) in tissue specimens from mice with gastric injury and decrease the expression of cyclooxygenase-2 (COX-2) and inducible nitric oxide synthase (iNOS). At the same time, the results of the high concentration of WSSCF (WSSCFH) group were closer to those of the drug (ranitidine) treatment group. Wu Shan Shen Cha-derived flavonoids had a good antioxidant effect, so as to play a preventive role in alcoholic gastric injury.
Introduction
Alcohol (ethanol) consumption by humans is on the rise, and the incidence of digestive tract diseases in the drinking population is significantly higher than that in the non-drinking population [1] . In addition to the liver, the gastrointestinal tract also participates in the metabolism of ethanol, and the process requires various enzymes, including ethanol dehydrogenases (ADH), cytochrome P450, and catalase [2] . Free radicals are also involved in alcohol-induced gastric mucosal injury [3] . The levels of lipid peroxides and free radicals in the gastric mucosa of alcoholic drinkers were elevated. Oxygen
Establishment of the Animal Model
Specific pathogen-free six-week-old male Kunming mice were randomly divided into normal, model, low WSSCF concentration (WSSCFL, 100 mg/kg), high WSSCF concentration (WSSCFH, 200 mg/kg), and ranitidine (50 mg/kg) groups with 10 mice in each group. After feeding for 7 days, the mice in the normal and model groups were administered 2 mL of distilled water daily for 14 days, the mice in the WSSCFL group were administered 0.2 mL of WSSCF (100 mg/kg) daily for 14 days, the mice in the WSSCFH group were administered 0.2 mL of WSSCF (200 mg/kg) daily for 14 days, and the mice in the ranitidine group were administered ranitidine (50 mg/kg) daily for 14 days. After treating for 14 days, the mice in all groups were fasted but were allowed to freely drink water. After fasting for 1 day (i.e., on the 15th day), the mice in all groups, except those in the normal group, were administered 15% hydrochloric acid-95% ethanol (volume ratio 4:6) at 0.1 mL/10 g body weight. After treating for 30 min, the mice were euthanized. Plasma was collected from the eyeballs, and stomach specimens were harvested [13] . The volume of gastric juice, the secretion of gastric juice, and the pH of the gastric acid were determined. After washing the stomach specimens, the degree of gastric injury was assessed as follows:
Inhibitory rate of gastric injury (%) = area of gastric injury/area of gastric tissue.
This study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by the Ethics Committee of Chongqing Collaborative Innovation Center for Functional Food (201807003B).
Pathological Examination of Gastric Specimens from Mice
Gastric specimens were fixed in 10% formalin for 48 h, followed by dehydration, clearing, embedment in wax, and sectioning. The sections were stained with hematoxylin and eosin and observed under a BX43 optical microscope (Olympus, Tokyo, Japan).
Determination of Total Superoxide Dismutase, Glutathione Activities and Malondialdehyde Content in Serum and Gastric Tissues in Mice
Nitrite is the final product of oxidizing hydroxyl group of ·O 2 . Nitrite shows purple-red under the action of p-aminobenzene sulfonic acid and methylnaphthalene amine. It has a maximum absorption peak at 550 nm. Total superoxide dismutase (T-SOD) can be calculated by determining the nitrite reduced after SOD scavenging ·O 2 . GSH in the sample reacts with 5,5-dithio-bis-(2-nitrobenzoic acid) (DTNB) to produce stable yellow 5-thio-2-nitrobenzoic acid (TNB) and glutathione disulfide (GSSG). The GSH content of the sample can be calculated. Under acidic and high-temperature conditions, MDA can react with thiobarbituric acid (TBA) to form red-brown trimethadione; its maximum absorption wavelength is 532 nm. Whole blood was collected from mice, stored for 1 h, and centrifuged at 4000 rpm for 10 min. The serum was collected. The serum and tissue levels of T-SOD, GSH, and MDA were determined according to the manufacturer's instructions (Nanjing Jiancheng Bioengineering Institute, Nanjing, China).
Quantitative Polymerase Chain Reaction Assay
Stomach specimens were homogenized. Total RNA was extracted using RNAzol (Thermo Fisher Scientific, Waltham, MA, USA), and the concentration was diluted to 1 µg/µL. Thereafter, 5 µL RNA was reverse transcribed to prepare DNA. Approximately 2 µL of DNA was combined with 1 µL of the forward primer, 1 µL of the reverse primer (Table 1) , and 10 µL of SYBR Green PCR Master Mix and amplified at 95 • C for 60 s, followed by 40 cycles at 95 • C for 15 s, 55 • C for 30 s, and 72 • C for 35 s. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) served as the internal control. The relative expression of each target gene was calculated by the 2 −∆∆Ct method [13] . 
Statistical Analysis
All experiments were performed three independent times, and the data were averaged. Statistical analysis system (SAS) 9.1 Statistical Software (SAS Institute, Cary, NC, USA) was used for statistical analyses. One-way analysis of variance was used to test differences between the means of the groups. p-Values < 0.05 were considered significant.
Results

Content of Wu Shan Shen Cha-Derived Flavonoids
By observing the absorbance value of rutin standard at different concentrations, the standard curve (y = 903.04x + 1.5209, R 2 = 0.9804, Figure 1 ) of the relationship between the concentration of rutin and the absorbance value was established. By measuring the absorbance value of WSSCF, compared with the standard curve, the content of flavonoids in the WSSCF reached 82.7%, and the purity was high. In the subsequent animal experiments, the flavonoids in the WSSCF were the main active ingredients and played a central role. Figure 2 and Table 2 show that the gastric lesions in mice of the model group were the most severe. Compared to gastric lesions in the mice of the model group, those in the mice of the WSSCF groups (i.e., low and high concentrations) were less severe. The gastric lesions in mice of the ranitidine group were the least severe, and the inhibition rate of gastric injury was the highest. These results indicate that lesions in mice of the WSSCFH group were similar to those in mice of the ranitidine group, suggesting that WSSCF can alleviate alcohol-induced gastric injury.
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Determination of the Volume and pH of the Gastric Fluid in Mice
In mice of the normal group, the gastric juice volume was the lowest, and the gastric juice pH was the highest (Table 3 ). In mice of the model group, the gastric juice volume was the highest and the gastric juice pH was the lowest. WSSCF and ranitidine effectively decreased the gastric juice volume and increased the gastric juice pH of mice in the model group, and the effects of WSSCFH were similar to those of ranitidine. Table 3 . Volume and pH of gastric fluid in mice of each group (n = 10).
Group
Gastric Juice Volume (mL) Gastric Juice pH 
Histopathological Examination of the Stomach in Mice
Stomach sections of mice in each group were stained with hematoxylin and eosin and examined under a light microscope. As shown in Figure 3 , the gastric mucosa of mice in the normal group was intact, and no inflammatory cell infiltration was observed. The gastric mucosa of mice in the model group was damaged. We observed a large number of red blood cells and neutrophils infiltrating the lamina propria. The gastric mucosa of WSSCFL-treated mice was similar to that of untreated mice (i.e., the normal group), and the gastric mucosa of WSSCFH-treated mice was similar to that of untreated mice (i.e., the model group). Specifically, there was less tissue damage (i.e., improved gastric injury) and fewer neutrophils and red blood cells. The gastric mucosa of mice in the ranitidine group was similar to that of mice in the normal group, with very little damage. 
Measurement of Total Superoxide Dismutase, Glutathione and Malondialdehyde Levels in the Serum and Stomach Tissues of Mice
The levels of T-SOD and GSH in mice of the normal group were the highest (Tables 4 and 5) , whereas the MDA level was the lowest. After inducing gastric injury, the levels of T-SOD and GSH in mice of the model group decreased, whereas the MDA increased. Ranitidine and WSSCF effectively 
The levels of T-SOD and GSH in mice of the normal group were the highest (Tables 4 and 5) , whereas the MDA level was the lowest. After inducing gastric injury, the levels of T-SOD and GSH in mice of the model group decreased, whereas the MDA increased. Ranitidine and WSSCF effectively inhibited the decrease in the levels of T-SOD and GSH as well as the increase in the MDA level in mice with gastric injury, and the effects of WSSCFH were similar to those of ranitidine. Table 4 . Serum levels of superoxide dismutase (T-SOD), glutathione (GSH) and malondialdehyde (MDA) in mice of each group (n = 10). Table 5 . Stomach tissue levels of T-SOD, GSH, and MDA in mice of each group (n = 10). The expression of Cu/Zn-SOD, Mn-SOD, and CAT in stomach tissues of mice is shown in Figure 4 . The mRNA levels of Cu/Zn-SOD, Mn-SOD, and CAT were significantly higher (p < 0.05) in mice of the normal group than those in mice of the other groups. The mRNA levels of Cu/Zn-SOD, Mn-SOD, and CAT were higher in mice of the WSSCF and ranitidine groups than in mice of the control group. The mRNA levels of Cu/Zn-SOD, Mn-SOD, and CAT were similar between mice of the WSSCFH and ranitidine groups. 
Group T-SOD (U/mL) GSH (mg/L) MDA (nmol/mL)
Group T-SOD (U/mg protein) GSH (mg/g protein) MDA (nmol/mg protein)
Cyclooxigenase-2, eNOS, nNOS and iNOS mRNA Expression in Stomach Tissues of Mice
The expression of cyclooxygenase (COX)-2, iNOS, eNOS, and nNOS in stomach tissues of mice is shown in Figure 5 . The mRNA levels of the inflammatory factors COX-2 and iNOS were significantly lower (p < 0.05) in mice of the WSSCF group than those in mice of the model group, but higher than those in normal and ranitidine groups. By contrast, the mRNA levels of eNOS and nNOS were significantly higher (p < 0.05) in mice of the WSSCF group than those in mice of the model group, but lower than those in the normal group. The mRNA levels of COX-2, iNOS, eNOS, and nNOS were similar among mice of normal, WSSCFH, and ranitidine groups. 
Discussion
It is generally recommended that the human body drink 12 g of tea brewed every day. According to the content of 5% flavonoids, the human body intakes 600 mg of flavonoids per day and 10 mg/kg of tea flavonoids per day. The intake of flavonoids in transformed mice was about 100 mg/kg, so we chose 100 and 200 mg/kg as the experimental concentration. Flavonoids are well absorbed by the digestive system. In addition to being mainly absorbed in the large intestine, they 
It is generally recommended that the human body drink 12 g of tea brewed every day. According to the content of 5% flavonoids, the human body intakes 600 mg of flavonoids per day and 10 mg/kg of tea flavonoids per day. The intake of flavonoids in transformed mice was about 100 mg/kg, so we chose 100 and 200 mg/kg as the experimental concentration. Flavonoids are well absorbed by the digestive system. In addition to being mainly absorbed in the large intestine, they can also be absorbed in the stomach and small intestine and play a better role through liver metabolism. The intragastric concentration used in this study was calculated according to the recommended drinking concentration of human body, so flavonoids might have good absorption and utilization rates in mice and would not produce metabolic accumulation.
Alcohol produces acetaldehyde via the catalysis of ethanol dehydrogenase, and acetaldehyde produces oxygen free radicals via the action of xanthine oxidase, resulting in gastric mucosal damage. Free radical reactions are closely related to the occurrence and development of various gastrointestinal conditions [14] . According to a previous study, the annual per capita alcohol intake exceeds 10 L, and the alcohol intake of males is close to 15 L [15] . Studies have reported that the incidence of gastrointestinal diseases in the drinking population is significantly higher than that in the non-drinking population. The frequent intake of high-concentration alcohol can cause thinning of the gastric mucosa, necrosis, and exfoliation of epithelial cells, microvascular endothelial injury, embolism, tissue ischemia, and hypoxia necrosis, so frequent intake of alcohol can cause gastric mucosal erosion, ulcer formation, gastroduodenal mucosal injury, and other related gastric diseases [16, 17] . The abundant and bioactive substances in tea, especially flavonoids, benefit the microbial community in the intestinal tract and inhibit intestinal mucosal atrophy. The anti-oxidative properties of flavonoids also protect the intestinal mucosal barrier and the liver [18] .
Lesions can alter the composition of gastric juice due to the excessive formation of free radicals, and secretion of gastric juice or low gastric juice pH will aggravate the degree of gastric injury [19] . The results of this study showed that WSSCF reduced the volume of gastric juice secretion without altering its pH, thereby alleviating the gastric injury caused by the high concentration of ethanol.
Several studies have reported a correlation between alcohol-induced gastric injury and high levels of reactive oxygen species [20, 21] . There are enzymatic and non-enzymatic antioxidant enzymes in the body, including SOD, GSH, and CAT. Studies have shown that GSH and SOD can scavenge superoxide, hydrogen peroxide, hydroxyl, and lipid peroxide free radicals, thereby reducing oxidative damage to tissues [19] . MDA is a marker of lipid peroxidation, and its content is positively correlated with the degree of cell damage [22] . When reactive oxygen species exceed the scavenging capacity of the antioxidant enzymes, the gastrointestinal tract will be severely damaged, resulting in tissue damage [23] . In this study, WSSCF increased the levels of SOD and GSH in mice, whereas it decreased the MDA level, thereby protecting the gastric tissue from oxidative damage caused by ethanol.
Copper/Zinc-SOD and Mn-SOD are two isomers of SOD in mammals, and both are free radical scavengers of SOD, except that they contain different metal ions. Cu/Zn-SOD mainly exists in the cytoplasm, whereas Mn-SOD mainly exists in the mitochondria and prokaryotic cells. Mn-SOD is abundant in visceral tissues [24] . Among them, Mn-SOD catalyzes the disproportionation of superoxide anion radicals into hydrogen peroxide, which can be decomposed into hydrogen peroxide to achieve the balance of intracellular physiological functions. It is of great significance to maintain the normal state of cell redox reaction [25, 26] . The activity of Mn-SOD decreased significantly after alcohol-induced gastric injury induced in mice. Cu/Zn-SOD can reduce the toxic effect of O 2 − and protect gastric tissue. Studies have shown that alcohol causes oxidative damage and produces various free radicals. Mn-SOD and Cu/Zn-SOD can inhibit free radicals in vivo and prevent gastric injury [27] . Catalase (CAT) is an enzymatic scavenger and an important antioxidant enzyme. It can promote the decomposition of hydrogen peroxide into molecular oxygen and water, thereby eliminating hydrogen peroxide, protecting cells from hydrogen peroxide poisoning, inhibiting oxidative damage, reducing the oxidation caused by alcohol, and inhibiting gastric injury [28] . Megatrophils synthesize and release nitric oxide (NO). Excessive NO can inhibit energy production, ribonucleoside reductase activity, and DNA replication. In particular, excessive NO production can induce cytotoxic effects, DNA oxidation, DNA double-strand breakage, cross-linking, and base modification. In gastric mucosa, NO functions as a signal transducer between immune cells and epithelial cells. It not only protects the gastric mucosa, but also promotes inflammation to damage the gastric mucosa [29] . The reactive nitrogen species (RNS) oxidative pathway is related to nitric oxide. After gastric tissue undergoes oxidative damage, the balance is broken, and gastric tissue damage is aggravated [30] . NOS is the key enzyme for NO synthesis, and nitric oxide synthase in the gastric mucosa can be divided into two types: cNOS, including eNOS and nNOS, and iNOS. Low levels of NO produced by cNOS catalysis can protect the gastric mucosa, whereas gastric ulcers are caused by the excessive inhibition of eNOS and nNOS [30] . Cyclooxygenase is a kind of key enzyme associated with inflammation. Under normal conditions, COX-2 is weakly expressed, but cytokines and endotoxins can induce its production, and COX-2 can induce inflammation and promote inflammation with oxidative stress, aggravating gastric injury [31] .
At present, the use of Wu Shan Shen Cha is not enough just as a tea drink. WSSCF is a kind of important active substance in Wu Shan Shen Cha. It can be made into a single functional food or used as a high-quality functional food additive to exert its biological activity on the human body. However, its industrial extraction technology and processing technology in functional food need further study.
Conclusions
In this study, the protective effects of flavonoid extracted from Wu Shan Shen Cha (WSSCF) on alcohol-induced gastric injury in mice were evaluated. It was found that WSSCF could inhibit the secretion of gastric juice in mice with gastric injury and maintain the normal pH of gastric acid, thus alleviating the damage of the gastric mucosa. By hematoxylin and eosin staining, the degree of gastric mucosal damage in WSSCF-treated mice was alleviated compared with that in model mice. WSSCF increase the serum levels of SOD and GSH, reduced the MDA content, and protected the gastric mucosa from oxidative damage caused by free oxygen radicals, which indicates that WSSCF has good antioxidant effect in vivo. Further experiments showed that WSSCF increased the mRNA expression of eNOS and nNOS and decreased the expression of COX-2 in gastric tissues, revealing that WSSCF can exert its biological effects by functioning as an antioxidant agent. Moreover, with increasing WSSCF in the stomach, the alcohol-induced gastric injury in mice was alleviated. This shows that WSSCF has better health care effect and provides a theoretical basis for its further development and utilization. 
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